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(54) Variable aperture Z-axis tracking collimator for a computed tomograph system 



(57) Methods and apparatus for dose reduction in a 
computed tomography (CT) system are described. In 
one embodiment, the CT system includes a pre-patient 
collimator (52) and a configurable multislice detector ar- 
ray (18). The pre-patient collimator (52) includes a plu- 
rality of eccentric cams (82A and 82B) and a filtration 
device (86) for altering the x-ray beam (1 6) radiated from 
a x-ray source (14). The eccentric cams (82A and 82B) 



are positioned to collimate the x-ray beam (1 6) and may 
be independently positioned to provide z-axis correction 
of the x-ray beam (1 6). The filtration device (86) includes 
a plurality of filters for altering the x-ray beam (16). In 
operation, an operator selects the type of test and the 
quantity and thickness of the slices. After altering the 
detector (1 8) and collimator (52) configuration, slice da- 
ta for each slice is gathered. 
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Description 

[0001] This invention relates generally to computed 
tomograph (CT) imaging and, more particularly, to re- 
ducing x-ray exposure and improving x-ray efficiency in 
a multislice CT system. 

[0002] In at least some computed tomograph (CT) im- 
aging system configurations, an x-ray source projects a 
fan-shaped beam which is collimated to lie within an X- 
Y plane of a Cartesian coordinate system and generally 
referred to as the "imaging plane". The x-ray beam pass- 
es through the object being imaged, such as a patient. 
The beam, after being attenuated by the object, imping- 
es upon an array of radiation detectors. The intensity of 
the attenuated beam radiation received at the detector 
array is dependent upon the attenuation of the x-ray 
beam by the object. Each detector element of the array 
produces a separate electrical signal that is a measure- 
ment of the beam attenuation at the detector location. 
The attenuation measurements from all the detectors 
are acquired separately to produce a transmission pro- 
file. 

[0003] In known third generation CT systems, the x- 
ray source and the detector array are rotated with a gan- 
try within the imaging plane and around the object to be 
imaged so that the angle at which the x-ray beam inter- 
sects the object constantly changes. X-ray sources typ- 
ically include x-ray tubes, which emit the x-ray beam at 
a focal spot. X-ray detectors typically include a post pa- 
tient collimator for collimating scattered x-ray beams re- 
ceived at the detector. A scintillator is located adjacent 
the post patient collimator, and photodiodes are posi- 
tioned adjacent the scintillator. 

[0004] Multislice CT systems are used to obtain data 
for an increased number of slices during a scan. Known 
multislice systems typically include detectors generally 
known as 3-D detectors. With such 3-D detectors, a plu- 
rality of detector elements form separate channels ar- 
ranged in columns and rows. Each row of detectors 
forms a separate slice. For example, a two slice detector 
has two rows of detector elements, and a four slice de- 
tector has four rows of detector elements. During a mul- 
tislice scan, multiple rows of detector cells are simulta- 
neously impinged by the x-ray beam, and therefore data 
for several slices is obtained. 

[0005] I n known CT systems, the x-ray beam from the 
x-ray source is projected through a pre-patient collimat- 
ing device, or collimator, that defines the x-ray beam 
profile in the patient axis, or z-axis. The collimator in- 
cludes x-ray absorbing material with an aperture therein 
for restricting the x-ray beam. The process of restricting 
the x-ray beam to the desired fan beam profile is termed 
"collimation". 

[0006] With respect to restricting the x-ray beam, 
known collimators typically include two opposing metal- 
lic blades that may be opened and closed to change the 
aperture width. The fan beam "thickness", as measured 
along the z-axis, can be selected by adjusting the blade 



orientation. The blades also may be moved in a same 
direction to displace the centerline of the aperture. 
Changing the aperture centerline changes the fan beam 
angle with respect to the z-axis. 

5 [0007] In multislice CT systems, it is desirable to have 
only the umbra of the x-ray beam fall on the detector 
cells. Although the x-ray beam can initially be collimated 
so that the penumbra does not fall on the detector cells, 
thermal expansion of the x-ray source causes z-axis 

10 movement of the x-ray source focal spot, causing the x- 
ray beam not to be centered on the detector. Slice thick- 
ness may also be affected by misalignment of the focal 
spot in the y-dimension, target angle, and the size of the 
focal spot. Additionally, mechanical forces due to cen- 

15 tripetal loading increases as the gantry is rotated, which 
result in focal spot and fan beam movement. As the fan 
beam moves, it is possible that at least part of the pe- 
numbra will fall on the detector cells. Movement of the 
fan beam changes the strength of signals from the de- 

20 tector array cells. Such fan beam movement may cause 
differential gain errors and result in severe ring, band 
and center artifacts. 

[0008] Accordingly, it would be desirable to provide a 
CT system that enables selection of the number and 

25 thickness of slices and improve x-ray beam stability and 
efficiency to reduce patient dosage. 
[0009] These and other objects may be attained by a 
CT system which, in one embodiment, utilizes a pre-pa- 
tient collimator and a configurable multislice detector ar- 

30 ray to improve x-ray beam stability and efficiency to re- 
duce patient x-ray dosage. The CT system pre-patient 
collimator includes a plurality of eccentric cams and a 
filtration device for altering the x-ray beam. The eccen- 
tric cams are positioned to collimate the x-ray beam to 

35 a selected slice thickness and may be independently po- 
sitioned to provide z-axis motion correction of the x-ray 
beam. In one embodiment, the filtration device includes 
a plurality filters that alter the x-ray beam as the filtration 
device is moved relative to a collimator housing utilizing 

40 a filter motor. The CT system multislice detector, in one 
embodiment, includes a plurality of detector modules. 
Each detector module has a photodiode cell array opti- 
cally coupled to a scintillator array. The photodiode array 
includes a plurality of photodiodes arranged in rows and 

45 columns. Each detector module further includes a 
switch apparatus and a decoder. The switch apparatus 
is electrically coupled between the photodiode output 
lines and a CT system data acquisition system (DAS). 
The switch apparatus, in one embodiment, is an array 

50 of FETs and alters the number of slices and the thick- 
ness of each slice by allowing each photodiode output 
line to be enabled, disabled, or combined with other pho- 
todiode output lines. 

[0010] In operation, an operator determines the type 
55 of test to be performed and the quantity and thickness 
of each slice. The appropriate photodiode outputs of the 
detector array are then electrically combined to form the 
selected number of inner slices with each having the se- 
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lected thickness. The pre-patient collimator cams are 
then adjusted for the selected thickness and the filters 
are positioned for the selected test. Slice data for each 
slice is then gathered from the detector array. If during 
gathering of the data, the focal spot of the x-ray source 
moves, the pre-patient collimator cams may be reposi- 
tioned to properly position the focal spot. 
[0011] By using the above described CT system the 
number and thickness of scan slices is selectable. In ad- 
dition, such CT system improves x-ray beam stability 
and efficiency and reduces patient x-ray dosage. 
[0012] An embodiment of the invention will now be de- 
scribed, by way of example, with reference to the ac- 
companying drawings, in which: 
[001 3] Figure 1 is a pictorial view of a CT imaging sys- 
tem. 

[0014] Figure 2 is a block schematic diagram of the 
system illustrated in Figure 1. 

[001 5] Figure 3 is a schematic view of the CT imaging 
system with a collimator. 

[0016] Figure 4 is a perspective view of a CT system 
detector array. 

[0017] Figure 5 is a perspective view of a detector 
module. 

[001 8] Figure 6 is a schematic illustration of x-ray gen- 
eration and detector components viewed from aside of 
the gantry. 

[0019] Figure 7 is a perspective illustration of the col- 
limator illustrated in Figure 3. 

[0020] Figures 8 schematically illustrates collection of 
scan data for a four slice and 5.0mm slice thickness con- 
figuration. 

[0021 ] Figures 9 schematically illustrates collection of 
scan data for a four slice and 1.25mm slice thickness 
configuration. 

[0022] Set forth below is a description of an exemplary 
multislice CT system in accordance with one embodi- 
ment of the present invention. Although one embodi- 
ment of the system is described in detail below, it should 
be understood that many alternative embodiments of 
the inventions are possible. For example, although one 
particular detector and one particular pre-patient colli- 
mator are described, other detectors or collimators 
could be used in connection with the system, and the 
present invention is not limited to practice with any one 
particular type of detector. Specifically, the detector de- 
scribed below includes a plurality of modules and each 
module includes a plurality of detector cells. Rather than 
the specific detector described below, a detector which 
has non-segmented cells along the z-axis, and/or a de- 
tector which has multiple modules with multiple ele- 
ments along the x-axis and/or z-axis joined together in 
either direction to acquire multislice scan data simulta- 
neously, can be utilized. Generally, the system is oper- 
able in a multislice mode to collect 1 or more slices of 
data. Axial and helical scans can be performed with the 
system, and cross section images of a scanned object 
can be processed, reconstructed, displayed and/or ar- 



chived. 

[0023] Referring to Figures 1 and 2, a computed tom- 
ography (CT) imaging system 10 is shown as including 
a gantry 12 representative of a "third generation" CT 

5 scanner. Gantry 1 2 has an x-ray source 1 4 that projects 
a beam of x-rays 1 6 toward a detector array 1 8 on the 
opposite side of gantry 12. Detector array 18 is formed 
by detector modules 20 which together sense the pro- 
jected x-rays that pass through a medical patient 22. 

10 Each detector module 20 produces electrical signals 
that represent the intensity of impinging x-ray beams 
and hence the attenuation of the beams as they pass 
through patient 22. During a scan to acquire x-ray pro- 
jection data, gantry 12 and the components mounted 

15 thereon rotate about a center of rotation 24. 

[0024] Rotation of gantry 12 and the operation of x- 
ray source 1 4 are governed by a control mechanism 26 
of CT system 1 0. Control mechanism 26 includes an x- 
ray controller 28 that provides power and timing signals 

20 to x-ray source 1 4 and a gantry motor controller 30 that 
controls the rotational speed and position of gantry 12. 
A data acquisition system (DAS) 32 in control mecha- 
nism 26 samples analog data from detector modules 20 
and converts the data to digital signals for subsequent 

25 processing. An image reconstructor 34 receives sam- 
pled and digitized x-ray data from DAS 32 and performs 
high speed image reconstruction. The reconstructed im- 
age is applied as an input to a computer 36 which stores 
the image in a mass storage device 38. 

30 [0025] Computer 36 also receives commands and 
scanning parameters from an operator via console 40 
that has a keyboard. An associated cathode ray tube 
display 42 allows the operator to observe the recon- 
structed image and other data from computer 36. The 

35 operator supplied commands and parameters are used 
by computer 36 to provide control signals and informa- 
tion to DAS 32, x-ray controller 28 and gantry motor con- 
troller 30. In addition, computer 36 also operates a table 
motor controller 44 which controls a motorized table 46 

40 to position patient 22 in gantry 12. Particularly, table 46 
moves portions of patient 22 through a gantry opening 
48. 

[0026] Referring to Figure 3, and with respect to op- 
eration of x-ray source 14, x-ray beam 16 emanates 

45 from a focal spot 50 of source 1 4. X-ray beam 1 6 is col- 
limated by pre-patient collimator 52, and a collimated 
beam 54 is projected toward detector array 18 along a 
fan beam axis 56 centered within beam 16. 
[0027] The architecture of system 1 0 described above 

50 provides many important advantages, including that de- 
tector array 18 and collimator 52 can be configured so 
that system 1 0 reduces x-ray dosage to patient 22 and 
improves x-ray beam stability and efficiency. Particular- 
ly, by configuring detector array 18 and adjusting colli- 

55 mator 52, CT system 1 0 has a selectable number of slic- 
es with each slice having a selectable slice thickness. 
Further details regarding detector array 1 8 and collima- 
tor 52 are set forth below. 
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[0028] As shown in Figures 4 and 5, detector array 1 8 
includes a plurality of detector modules 20. Each detec- 
tor module 20 is secured to a detector housing 58 by 
plates 60. Each module 20 includes a multidimensional 
scintillator array 62 and a high density semiconductor 
array (not visible). A post patient collimator (not shown) 
is positioned over and adjacent scintillator array 62 to 
collimate x-ray beams before such beams impinge upon 
scintillator array 62. Scintillator array 62 includes a plu- 
rality of scintillation elements arranged in an array, and 
the semiconductor array includes a plurality of photodi- 
odes (not visible) arranged in an identical array. The 
photodiodes are deposited, or formed on a substrate 64, 
and scintillator array 62 is positioned over and secured 
to substrate 64. 

[0029] Detector module 20 also includes a switch ap- 
paratus 66 electrically coupled to a decoder 68. Switch 
apparatus 66 is a multidimensional semiconductor 
switch array of similar size as the photodiode array. In 
one embodiment, switch apparatus 66 includes an array 
of field effect transistors (not shown) with each field ef- 
fect transistor (FET) having an input, an output, and a 
control line (not shown). Switch apparatus 66 is coupled 
between the photodiode array and DAS 32. Particularly, 
each switch apparatus FET input is electrically connect- 
ed to a photodiode array output and each switch appa- 
ratus FET output is electrically connected to DAS 32, for 
example, using flexible electrical cable 70. 
[0030] Decoder 68 controls the operation of switch 
apparatus 66 to enable, disable, or combine the outputs 
of the photodiode array in accordance with a desired 
number of slices and slice resolutions for each slice. De- 
coder 68, in one embodiment, is a decoder chip or a 
FET controller as known in the art. Decoder 68 includes 
a plurality of output and control lines coupled to switch 
apparatus 66 and computer 36. Particularly, the decoder 
outputs are electrically connected to the switch appara- 
tus control lines to enable switch apparatus 66 to trans- 
mit the proper data from the switch apparatus inputs to 
the switch apparatus outputs. The decoder control lines 
are electrically connected to the switch apparatus con- 
trol lines and determine which of the decoder outputs 
will be enabled. Utilizing decoder 68, specific FETs with- 
in switch apparatus 66 are enabled, disable, or com- 
bined so that specific outputs of the photodiode array 
are electrically connected to CT system DAS 32. In one 
embodiment defined as a 1 6 slice mode, decoder 68 en- 
ables switch apparatus 66 so that all rows of photodiode 
array 52 are electrically connected to DAS 32, resulting 
in 16 separate, simultaneous slices of data being sent 
to DAS 32. Of course, many other slice combinations 
are possible. 

[0031] In one specific embodiment, detector 18 in- 
cludes fifty-seven detector modules 20. The semicon- 
ductor array and scintillator array 62 each have an array 
size of 1 6 x 1 6. As a result, detector 1 8 has 1 6 rows and 
912 columns (16 x 57 modules), which enables 16 si- 
multaneous slices of data to be collected with each ro- 



tation of gantry 12. Of course, the present invention is 
not limited to any specific array size, and it is contem- 
plated that the array can be larger or smaller depending 
upon the specific operator needs. Also, detector 1 8 may 

5 be operated in many different slice thickness and 
number modes, e.g., one, two, and four slice modes. 
For example, the FETs can be configured in the four 
slice mode, so that data is collected for four slices from 
one or more rows of the photodiode array. Depending 

10 upon the specific configuration of the FETs as defined 
by decoder control lines, various combinations of out- 
puts of the photodiode array can be enabled, disabled, 
or combined so that the slice thickness may, for exam- 
ple, be 1 .25 mm, 2.5 mm, 3.75 mm, or 5 mm. Additional 

15 examples include asingle slice mode including one slice 
with slices ranging from 1 .25 mm thick to 20 mm thick, 
and a two slice mode including two slices with slices 
ranging from 1.25 mm thick to 10 mm thick. Additional 
modes beyond those described are possible. 

20 [0032] In one embodiment and as shown in Figure 6, 
illustrating a schematic illustration of system 10 viewed 
from a side of gantry 1 2, collimator 52 includes eccentric 
cams 82A and 82B, and a filtration device 86. The po- 
sitions of cams 82A and 82B is controlled by a collimator 

25 controller (not shown) which receives its commands 
from x-ray controller 28. Specifically, the collimator con- 
troller includes a cam drive, or at least one cam motor 
(not shown), for altering the position of cams 82A and 
82B. In addition, in one embodiment, the collimator con- 

30 troller includes a processing unit, or logic circuitry for 
controlling the cam drive and exchanging information 
with x-ray controller 28. In an alternative embodiment, 
the cam drive may be controlled directly by x-ray con- 
troller 28. 

35 [0033] Cams 82A and 82B are positioned on oppos- 
ing sides of fan beam axis 56 and may be independently 
adjusted with respect to the spacing between cams 82A 
and 82B and their location relative to fan beam axis 56. 
Cams 82A and 82B may be positioned with a single cam 

40 drive, or alternatively, each cam may be positioned with 
a separate cam drive. In other embodiments, collimator 
52 may include additional cams and each cam may be 
coupled to a separate cam drive, for example cam motor 
or actuator, for altering the position of the cam. Cams 

45 82A and 82B are fabricated from an x-ray absorbing ma- 
terial, for example, tungsten and are coupled to the cam 
motors utilizing accurate ball bearings (not shown). 
[0034] For example and in one embodiment, separate 
stepper motors (not shown) are connected to respective 

50 cams 82A and 82B for precisely controlling the position 
of cams 82A and 82B so that each cam may be inde- 
pendently positioned. As a result of the eccentric shape, 
the rotation of respective cams 82A and 82B alters the 
slice thickness of x-ray beam 16. In addition, the inde- 

55 pendent adjustment of cams 82A and 82B allows for z- 
axis correction of focal spot motion of x-ray source 14, 
minimizes slice thickness variation from x-ray source to 
x-ray source variations, and allows faster CT scanner 
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rotation. Specifically, eccentric cams 82A and 82B re- 
duces frictional changes due to centripetal loading be- 
cause the additional forces caused by gantry rotation 
are normal to the bearing load carrying capability. As a 
result, cams 82 A and 82 B allow highly accurate and re- 
peatable aperture positioning, even under extreme gan- 
try rotations. 

[0035] As shown in Figure 7, pre-patient collimator 52 
further includes a movable filtration device 86, a housing 
88, and a filter drive, or filter motor 90 for altering the 
position of filtration device 86 relative to housing 88. 
Specifically and in one embodiment, filtration device 86 
includes a first filter 92 and a second filter 94. Filters 92 
and 94 are positioned so that x-ray beam 1 6 projects 
through respective filters 92 and 94. By altering the po- 
sition of filters 92 and 94 relative to housing 88 utilizing 
filter motor 90, the dosage of x-rays from source 14 to 
patient 22 is altered. For example, filtration device 86 
may be a bowtie filter and may include any number of 
filters. In other embodiments, filter drive 90 may be a 
stepper motor, actuator, or other displacement type de- 
vice. Pre-patient collimator 52 further includes two 
shafts 96A and 96B extending from housing 88 so that 
shafts 96A and 96B are perpendicular to the x-ray fan 
beam axis 56. 

[0036] Filtration device 86 further includes linear 
bearings 98A and 98B coupled to shaft openings (not 
shown) and shafts 96A and 96B. Linear bearings 98A 
and 98B are configured to slidably engage respective 
shafts 96A and 96B and allow filtration device 86 to 
move filters 92 and 94 perpendicular relative to x-ray 
beam axis 56. Utilizing filter motor 90, filtration device 
86 may be moved, or positioned, toward or away from 
housing 88. Specifically, and in one embodiment, filter 
motor 90 is a lead-screw motor (not shown) and filtration 
device 86 includes a threaded lead-screw opening con- 
figured to threadedly receive a lead-screw shaft of the 
lead-screw motor. By energizing the lead-screw motor 
in one direction, filtration device 86 is moved toward 
housing 88. Reversing the direction of the lead-screw 
motor moves filtration device 86 away from housing 88. 
[0037] Altering the position of filtration housing 86 
modifies, or alters, the dosage of x-ray beam received 
by patient 22 by changing location of filtration device 86, 
specifically, the position of filters 92 and 94. For exam- 
ple, filters 92 and 94 may be combined in one of four 
combinations to alter x-ray beam 1 6. Specifically and in 
one embodiment, filters 92 and 94 may be positioned in 
a calibration mode, a body region mode, a head mode, 
or a block mode. These modes are defined by the 
amount of x-ray beam 1 6 that is allowed to pass through 
filters 92 and 94 as a function of location. 
[0038] In operation, the operator determines an ap- 
propriate thickness and quantity of slices as required by 
the scan procedure to be performed. Detector array 18 
and collimator 52 are then configured for the desired 
slice thickness and quantity. The configuration of detec- 
tor array 1 8 and collimator 52 minimize the x-ray dosage 



to patient 22 and improve stability and efficiency of x- 
ray beam 16 by fully utilizing the z-axis of x-ray beam 
16. Specifically, as shown in Figure 8, detector 18 is di- 
vided into a number of slices 1 00. The thickness of each 

5 slice 1 00 is determined by the number of photodiode ar- 
ray outputs that are combined using switch apparatus 
66 and by adjusting the position of collimator cams 82 
and 84B in the z-axis direction and respective filters 92 
and 94, as defined by the operator. 

w [0039] For example, if the operator selects four slices 
of 5.0mm, system 10 may be configured as shown in 
Figure 8. Particularly, the outputs of the photodiode ar- 
ray are combined, using switch apparatus 66, to form 
slices 1 00A, 1 00B, 1 00C and 1 00D, each having a slice 

15 thickness of 5.0mm where each row of detector module 
20 is 1 .25mm wide. Specifically, four outputs of the pho- 
todiode array are electrically coupled by switch appara- 
tus 66 to form slice 1 00A. Respective slices 1 00B, 1 00C 
and 100D are each similarly formed by combining four 

20 outputs of the photodiode array. Collimator cams 82A 
and 82B are separated in the z-axis direction to provide 
20.0mm of source collimation. Slice data from slices 
1 00A, 1 00B, 1 00C and 1 00D are supplied to DAS 32 via 
cable 70. 

25 [0040] For four slices of data with a 1.25mm slice 
thickness, the detector configuration shown in Figure 9 
may be utilized. Particularly, the photodiode array out- 
puts form four slices 100A, 100B, 100C and 100D, each 
having a thickness of 1 .25mm. Cams 82A and 82B are 

30 not separated as wide apart as for the 20mm slice thick- 
ness (Figure 8). Rather, cams 82A and 82B are moved 
closer together in the z-axis direction to provide 5.0mm 
collimation. In one embodiment, although slices 100C 
and 100D are defined by collimator 52 to have a thick- 

35 ness of 1 .25mm each, the remaining outputs of photo- 
diode array 52 are combined for slices 1 00C and 1 00D 
using switch apparatus 66. Particularly, seven outputs 
of the photodiode array are combined by switch appa- 
ratus 66 to gather data for slice 100C. Similarly, seven 

40 outputs of the photodiode array are combined to gather 
data for slice 100D. Referring now to slices 100A and 
100B, data is gathered from one output of the photodi- 
ode array for slice 1 00A and from one output of the pho- 
todiode array for slice 100B. Data from slices 100A, 

45 100B, 100C and 100D are supplied to DAS 32 via flex 
cables 70. Of course, many other combinations of slice 
thickness and quantity are possible using system 10. 
[0041] In addition to altering the slice thickness of x- 
ray beam 1 6, cams 82A and 82B may be utilized to cor- 

50 rect for z-axis motion and tube to tube variation of x-ray 
source 14. Specifically, utilizing known methods for de- 
termining focal spot position, the position of cams 82A 
and 82B may be independently altered to compensate, 
or adjust, for z-axis motion of the x-ray beam 1 6. More 

55 specifically, and in one embodiment, based upon the fo- 
cal spot position, respective cams 82A and 82B are in- 
dependently positioned utilizing the cam motor so that 
the focal spot of x-ray beam 16 is properly positioned. 
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Cams 82A and 82B may also be utilized to compensate 
for non-uniformity of the z-axis motion of x-ray beam 1 6 
by altering the position of one respective cams 82A and 
82B. For example, as x-ray source 16 heats up, x-ray 
beam axis 56 may become no longer centered on de- 
tector 18. The non-centered x-ray beam may be repo- 
sitioned to the center by altering at least one of cams 
82A and 82B utilizing the cam motors. 
[0042] Additionally, based on the mode of operation 
for system 10, the position of filtration device 86 is ad- 
justed so that the x-ray dosage is appropriate for the test 
to be performed. Specifically, based on the mode select- 
ed by the operator, the position of filtration device 86 is 
altered so that patient 22 is exposed to the proper x-ray 
beam 16. More specifically, the position of filtration de- 
vice 86 is altered by energizing filter motor 90 so that 
filtration device 86 is retracted toward or extended away 
from housing 88 so that x-ray beam 1 6 passes through 
appropriate filters 92 and 94. For example, if the head 
of patient 22 is to be scanned, motor 90 may position 
filtration device at a known location so that filter 94 re- 
duces x-ray beam 1 6 to a head mode type of exposure. 
In performing a CT scan of a head of patient 22, motor 
90 positions filtration device 86 so that filters 92 and 94 
are properly positioned relative to housing 88. More par- 
ticularly, motor 90 is energized so that filtration device 
86 is, for example, retracted toward housing 88 so that 
filters 92 and 94 are properly positioned. 
[0043] The above described CT system enables se- 
lection of the number and thickness of slices to reduce 
patient x-ray dosage improve x-ray beam efficiency. In 
addition, the pre-patient collimator enables z-axis cor- 
rection, reduces slice thickness variations and selecta- 
ble filtering of the x-ray beam. 



Claims 

1. A pre-patient collimator (52) for altering the x-ray 
exposure in a computed tomography system (10), 
the computed tomography system (10) comprising 
an x-ray source (1 4) and a detector array (1 8), said 
collimator (52) comprising: 

a plurality of eccentric cams (82), at least a first 
cam (82A) and a second cam (82B) positioned 
on opposing sides of a fan beam radiated from 
the x-ray source (14); and 
at least one cam drive for positioning said cams 
(82) to adjust the fan beam. 

2. A collimator (52) in accordance with Claim 1 where- 
in said cam drive configured to independently posi- 
tion each cam (82A and 82B). 

3. A collimator in accordance with Claim I wherein said 
cam drive comprises at least one cam motor. 



4. A collimator in accordance with Claim 3 wherein 
said cam drive comprises a cam motor for each 
cam. 

5 5. A collimator in accordance with Claim 4 wherein 
said first cam coupled to said first cam motor and 
said second cam coupled to said second cam mo- 
tor. 

10 6. A collimator (52) in accordance with Claim 1 where- 
in said detector array (18) comprises a multislice 
detector and wherein said cam drive configured to 
alter a fan beam slice thickness. 

15 7. a collimator (52) in accordance with Claim 1 further 
comprising: 

a filtration device (86) comprising a plurality of 
filters (92 and 94); 
20 a housing (88); and 

a filter drive (90) for altering position of said fil- 
tration device (86), said filter drive (90) coupled 
to said housing (88) and said filtration device 
(86). 

25 

8. A collimator in accordance with Claim 7 wherein the 
x-ray beam projects from an x-ray beam axis and 
wherein said filter drive comprising a plurality of 
shafts extending perpendicular to the x-ray fan 

30 beam axis from said housing. 

9. A collimator in accordance with Claim 8 wherein 
said filtration device further comprises plurality of 
shaft openings configured to receive said shafts. 

35 

10. A collimator in accordance with Claim 9 wherein 
said filter drive comprising a motor coupled to said 
housing and configured to extend and retract said 
filtration device perpendicular to the fan beam axis 

40 from said housing. 

11. A collimator in accordance with Claim 10 wherein 
said motor comprises a lead-screw motor having a 
threaded shaft and wherein said filtration device fur- 

45 ther comprises a lead-screw opening configured to 
threadedly engaged said lead screw shaft. 

12. A collimator in accordance with Claim 9 wherein 
said filtration device further comprising a linear 

50 bearing coupled to each shaft opening and config- 
ured to slidably engage said shaft. 

13. A collimator (52) in accordance with Claim 7 where- 
in each filter (92 and 94) alters the x-ray exposure 

55 to a patient and each filter (92 and 94) is selected 
as a function of filtration device (86) location. 

14. A system for reducing x-ray exposure in a computed 
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tomography system (10), the computed tomogra- 
phy system (10) including an x-ray source (14), a 
pre-patient collimator (52) comprising a plurality of 
eccentric cams (82A and 82B) and a plurality of fil- 
ters (92 and 94) and a detector array (1 8) compris- 
ing a plurality of detector cells extending in a z-axis, 
said system (10) configured to: 

combine a number of detector cells to form at 
least one slice; 

position the pre-patient collimator (52) to define 
an x-ray thickness, location and exposure. 

15. A system in accordance with Claim 14 wherein to 
position the pre patient collimator (52), said system 
(10) is configured to position each cam (82A and 
82B). 

16. A system in accordance with Claim 15 wherein to 
position each cam, said system is configured to in- 
dependently position each cam. 

1 7. A system in accordance with Claim 1 5 wherein said 
computed tomography system (1 0) further compris- 
es a plurality of cam motors, wherein each cam mo- 
tor coupled to a cam (82), and wherein to position 
the cams (82A and 82B), said system is configured 
to rotate each cam (82A and 82B). 

18. A system in accordance with Claim 17 wherein the 
computed tomography system (1 0) further compris- 
es a filter motor (90) coupled to the filtration device 
(86), wherein to position the pre-patient collimator 
(52) to define said x-ray exposure, said system is 
configured to alter the position of the filtration device 
(86) utilizing the filter motor (90). 

19. A system in accordance with Claim 18 wherein the 
x-ray beam (16) projects from an x-ray beam axis 
(56) and the computed tomography system (1 0) fur- 
ther comprises a plurality of shafts (96A and 96B) 
extending perpendicular to the x-ray fan beam axis 
(56) from a housing (88), and wherein to alter the 
position of the filtration device (86), said system is 
configured to extend and retract the filtration device 
(86) perpendicular to the fan beam axis (56) from 
the housing (88). 

20. A system in accordance with Claim 19 wherein the 
filter motor comprises a lead-screw motor having a 
threaded shaft and wherein the filtration device fur- 
ther comprises a lead-screw opening configured to 
threadedly engaged the lead screw shaft, and 
wherein to extend and retract the filtration device, 
said system is configured to energize the filter mo- 
tor. 

21. A system in accordance with Claim 14 wherein the 



filtration device further comprises a plurality of fil- 
ters, and wherein to define the x-ray exposure to a 
patient, said system is configured to select a posi- 
tion for each filter. 

5 

22. A pre-patient collimator for altering the x-ray expo- 
sure in a computed tomography system, the com- 
puted tomography system comprising an x-ray 
source and a detector array, said collimator com- 

10 prising: 

a plurality of eccentric cams, at least a first cam 
and a second cam positioned on opposing 
sides of a fan beam radiated from the x-ray 
15 source; 

a cam drive for adjusting the fan beam, said 
cam drive coupled to said cams; 
a filtration device; 
a housing; and 

20 a filter drive for altering position of said filtration 

device, said filter drive coupled to said housing 
and said filtration device. 

23. A collimator in accordance with Claim 22 wherein 
25 said cam drive configured to independently position 

each cam. 

24. A collimator in accordance with Claim 22 wherein 
said cam drive comprises a cam motor for each 

30 cam. 

25. A collimator in accordance with Claim 24 wherein 
said first cam coupled to said first cam motor and 
said second cam coupled to said second cam mo- 

35 tor. 

26. A collimator in accordance with Claim 22 wherein 
said detector array comprises a multislice detector 
and wherein said cam drive configured to alter a fan 

40 beam slice thickness. 
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